Objectives: Mitral annulus reconstruction is now a common surgical procedure for the treatment of mitral regurgitation. However, there are still controversies in the selection of materials for annuloplasty in the clinical controlled studies available. The purpose of the present systematic review of the literature is to address whether a flexible ring is superior to a rigid ring in terms of improvement in clinical and echocardiographic outcomes. Methods: A systematic literature search was undertaken of all clinical control trials comparing the outcomes of mitral annuloplasty surgery with the flexible and rigid ring in MEDLINE, EMBASE, and the Cochrane Library. Results: Overall, 12 published trials were identified as being eligible for overview and were included in the meta-analysis study between 1966 and 2010: four prospective randomized and eight casecontrol studies. Combined hazard ratios suggested that the flexible annuloplasty ring had no favorable impact on survival: the mean (95% confidence interval (CI)) was 1.24 (0.24-2.24). From the mortality data at maximum follow-up ranging 35-61 months, there was no significant difference on mortality, reoperation, and significant recurrent mitral regurgitation between the two rings. Also, we were not able to find an improvement by flexible rings on shortening fraction, left ventricular end-diastolic volume, end-systolic volume, and end-diastolic and endsystolic diameter. There was a significantly higher ejection fraction in arms for flexible rings relative to rigid rings with pooled standardized mean deviation (SMD) 0.29, 95% CI: 0.06-0.52, p = 0.015. Finally, compared to the rigid annuloplasty ring, patients implanted with flexible ones presented significantly a far better effect preserving the mitral valve area: SMD 0.54, 95% CI: 0.13-0.95, p = 0.01, and less constrictive for blood flow across the mitral valve, with the pooled SMD of peak velocity (flexible vs rigid: À0.63, 95% CI: À1.12 to À0.13, p = 0.013). Conclusions: Except for the improvement in ejection fraction and preserving the mitral valve area effects in the flexible cases, it remains comparable with regard to overall survival, mortality, reoperation, regurgitant recurrence, and left ventricular performance between the flexible and rigid ring. #
Introduction
Mitral valve repair (MVR) is the favorite procedure chosen for the surgical treatment of pure mitral regurgitation [1] . Reparative procedures on the regurgitant mitral valve show better outcomes compared to mitral valve replacement in terms of operative mortality, late survival, and freedom from thromboembolic accidents and quality life, with an excellent long-term freedom from reoperation and recurrent significant regurgitation [2] [3] [4] . The annuloplasty ring is the most widely applied and reliable procedure among various MVR techniques, which restores the mitral annulus to its normal size and shape. Basically, there are two types of annuloplasty rings: the rigid and flexible ring. The flexible ring is developed for reducing the annular size but for allowing it to continuously change during the cardiac cycle, it is better to comply with the physiological configuration of the mitral annulus [5] . Thus, flexible rings are supposedly, convincing replacement for rigid rings. However, comparative studies between rigid and flexible rings, with regard to postoperative clinical outcomes and left ventricular function, performed in limited clinical settings, have produced some confusing and controversial results even in the prospective randomized trials [6, 7] . Therefore, a systematic review of the literature has been performed to assess MVR effects in relation to the type of annuloplasty ring used.
Material and methods

Search strategy
'Humans'. In order to broaden the sensitivity of the search strategy, we aimed to identify all published and unpublished clinical trials of mitral annuloplasty surgery with different annuloplasty rings. Where available, abstracts from major cardiology and cardiothoracic surgery scientific meetings from 2003 to 2010 were manually searched. Reference lists of all relevant studies were reviewed irrespective of language, and even attempts were made to correspond with authors of relevant trials.
Two reviewers independently extracted data from each study on study title, first author, year of publication, institution, population characteristics, type of annuloplasty ring, study design, follow-up, inclusion and exclusion criterion, and main outcomes of clinic or echocardiography: mortality, 5-year survival, left ventricular performance, recurrent rate, and mitral valvular area. If the same author published multiple studies reporting outcomes at different follow-up points, we abstracted patient characteristics from the first study, with data for outcomes of interest at subsequent follow-up times extracted from the later studies. When two studies by the same institution reported the same outcomes at similar follow-up periods, we included in our analysis either the better quality or the most informative publication. Discordances were resolved by re-review or consensus review.
Study selection
All clinical controlled trials, evaluating mitral annuloplasty surgery with different annuloplasty rings (rigid vs flexible, prosthetic, or autologous), were enrolled. Trials were included without limitation to subject population, year, type of conference proceedings, or language. We excluded studies if the flexible and rigid rings were allocated to the same group as a prosthetic arm and if the outcomes of interest were not reported or it was impossible to calculate these from the published results. No control group, of course, was within our exclusion criteria.
Quality assessment of individual studies
We used predetermined criteria to assess the quality of included randomized trials as the following three categories from A (high quality) to C (low quality) [8] . These quality criteria included the randomization procedure, the use of intention-to-treat analysis, the report of dropout rates, allocation concealment, and the extent to which valid outcomes were described.
Statistical analysis
We carried out our meta-analysis in line with the Cochrane Collaboration recommendations of meta-analyses guidelines [9] . For categorical variables, the relative risk as the summary statistics was employed, demonstrating the adverse ratio in the study group (flexible annuloplasty ring) relative to control group (rigid annuloplasty ring). A relative risk of less than 1 was in favor of the study group, and the point estimate of the relative risk was taken of statistical significance at the p = 0.05 level, if the 95% confidence interval did not include the value 1. Continuous data were expressed as standardized mean difference (SMD) and an overall SMD was calculated. The actual measures of the effect of all continuous variables were the differences from baseline to endpoint. For the quantitative aggregation of the survival results, the annuloplasty ring effect was measured by the hazard ratio (HR) between the two survival distributions. By convention, an observed HR > 1 implied a worse survival for the study group. A fixed-effects model was chosen on the presumption that variation in the individual trial results occurred about a true mean. Conversely, the randomized model was adopted. We assessed heterogeneity for summary effects by calculating the chi-square and I 2 statistics. Quantification of the effect of heterogeneity will be assessed by means of I 2 , ranging from 0% to 100%. I 2 demonstrates the percentage of total variation across studies due to heterogeneity and will be used to judge the consistency of evidence, 
Results
Trial flow and characteristics
Our searches for clinical trials comparing the efficacy of mitral annuloplasty surgery with different annuloplasty rings yielded 86 potentially relevant articles, of which 70 articles were excluded for using percutaneous mitral annuloplasty device as the surgery procedure, concentrating roboticassisted operation or any other valvuloplasty technique without any annuloplasty ring used. Four were excluded for not including a control arm. Then, a total of 12 articles [5] [6] [7] [10] [11] [12] [13] [14] [15] [16] [17] [18] reporting on clinical trials met our inclusion criterion initially. The results from the 12 published trials were identified as being eligible for overview and were included in the meta-analysis study between 1966 and 2010.
There was a total of 1165 patients in these studies. The mean age of trial enrollment ranged from 38 to 62 years. The proportion of women included in the trials ranged from 35% to 44%. The study designs were prospective randomized in four groups [6, 7, 14, 15] , and case-control study in the remaining eight studies. Table 1 lists the main characteristics of these studies.
The overall quality was roughly assessed on a 3-point scale according to the Cochrane handbook. All the included articles scored B (moderate quality).
Outcomes of interest 3.2.1. Survival parameters at maximum follow-up
The individual HRs of the five evaluated studies were calculated from the graphical representations of the survival distributions with overall 5-year survival. The aggregation did not produce a statistically significant HR with a better survival prognosis in cases of implanting flexible annuloplasty ring (Fig. 1A) . The test for heterogeneity gave a significant result ( p < 0.01), but it was impossible to go further in the categorization of the trials, namely, to treat articles reporting on overall 5-year survivals separately. The use of a random-effects model obtained the conclusion with a combined HR of 1.24 (95% CI: 0.24-2.24).
Six groups reported on mortality at maximum follow-up after mitral annuloplasty surgery with variable follow-up ranging from 35.6 AE 18.7 to 61.4 AE 20.1 months. Metaanalysis of the studies did not show any significant difference in mortality at maximum follow-up between the two annuloplasty rings (relative risk 1.12, 95% CI 0.73-1.71, no statistical heterogeneity, p = 0.205) (see Fig. 1B ).
Significant recurrent mitral regurgitation at maximum follow-up
Recurrence of significant mitral regurgitation (MR) was equal to or greater than grade 3 during the follow-up period. Six clinical trials, focusing on the significant recurrent mitral regurgitation, demonstrated that there was no significantly higher recurrence in patients with flexible annuloplasty ring relative to that with rigid ring. Fixed effects (MantelHaenszel) pooled relative risk was 1.66 (95% CI: 0.93-2.96), p = 0.085. No heterogeneity was detectable, p = 0.634. There is a case-control study excluded by the system because of reporting negative recurrence in both the arms (see Fig. 2 ).
Reoperation
Of the 12 studies, six provided data on reoperation for mitral valves, with an outcome assessment time varying from 35.6 AE 18.7 to 61.4 AE 20.1 months. The pooling analysis obtained a relative risk of reoperation comparing the flexible annuloplasty ring and rigid ring of 1.75 (95% CI: 0.76-3.98; p = 0.186), with no evidence to suggest statistical heterogeneity ( p = 0.587). The variation in relative risk attributable to heterogeneity (I 2 ) was 0 (see Fig. 3 ). [ ( ) T D $ F I G ] 
Left ventricular performance
Most studies reported on the stable postoperative left ventricular ejection fractions. Compared to the rigid annuloplasty ring, patients treated with flexible rings reported significantly a better effect: SMD 0.29, 95% CI: 0.06-0.52, p = 0.015. Heterogeneity was not significant, p = 0.051 (see Fig. 4A ). We wanted to further confirm the left ventricular contraction function with the shortening fraction (FS), but this parameter was rarely reported exactly. Only two studies provided data for the comparison on FS, and no statistically significant differences were found: SMD 0.43, 95% CI: À0.05 to 0.91, p = 0.081 (Fig. 4B) .
Data from studies that compared the flexible annuloplasty ring with rigid ring in decreasing preload were scarce. The details on left ventricular end-diastolic volume (EDV) and left ventricular end-systolic volume (ESV) postoperation were available in only three articles. Pooling of results yielded an insignificant advantage for flexible ring with respect to EDV and ESV: SMD À0.13, 95% CI: À0.54 to 0.28, p = 0.53; SMD À0.26, 95% CI: À0.67 to 0.15, p = 0.208 respectively. There was no statistical heterogeneity ( Fig. 4C  and D) .
The five studies that assessed left ventricular function improved mostly the used left ventricular end-diastolic diameter (EDD) and left ventricular end-systolic diameter (ESD) for this purpose. We found that flexible rings had no statistically significant effect on EDD levels compared to rigid annuloplasty rings (SMD À0.19, 95% CI: À0.51 to À0.12, p = 0.23) (Fig. 4E) and a non-statistically significant decreasing effect on ESD levels (SMD À0.05, 95% CI: À0.22 to À0.12, p = 0.546). No statistical heterogeneity occurred (Fig. 4F) .
Mitral valve orifice
Patient data recorded during echocardiographic monitoring are the main assessment about the mitral valve orifice, the peak velocity of trans-mitral blood flow (PV) and the mitral valve area in diastole (MVA) focused commonly besides any backflow. Compared to the rigid annuloplasty ring, patients implanted with flexible rings presented significantly a far better effect preserving the MVA: SMD 0.54, 95% CI: 0.13-0.95, p = 0.01 (Fig. 5A ). This effect could be reflected by the PV reported by other studies with the pooled SMD (flexible vs rigid: À0.63, 95% CI: À1.12 to À0.13, p = 0.013) (see Fig. 5B ).
Discussion
In this systematic review, we found no statistically significant effect in using flexible annuloplasty ring on mortality, reoperation, recurrence at maximum follow-up, and 5-year survival in patients with isolated mitral insufficiency. Compared to that in the rigid annuloplasty ring group, the area of the mitral annulus with the flexible ring significantly increased during the cardiac cycle. As a result, a significant difference was drawn for the velocity of transmitral blood flow, with a lower velocity in the flexible group relative to that in the rigid one. However, we found no clinically relevant effects on the mitral annuloplasty type and cardiac preload, that is, EDV, ESV, or left ventricular contraction parameters, that is, FS, EDD, and ESD. It indicated that patients treated with flexible rings reported a little better effect, compared to those treated with rigid rings.
This study was attempted to compare the long-term clinical results between rigid and flexible rings. The overall survival and mortality for the long-term period are always concentrated upon in any clinical trial; also, it is the eventual goal that all the medical practitioners pursue. The aggregation of the survival data was performed by using the results reported in the five varied studies only. The pooling result did not produce a statistically significant HR with a better survival prognosis in cases where the flexible annuloplasty ring was implanted. However, the test for heterogeneity gave a significant result. A possible explanation of this outcome may be as follows. The types of study available were heterogeneous, of the five concerning survival data articles, only two were prospective randomized design. Moreover, population inclusion-derived heterogeneity was often oriented to particular groups of patients, such as those with mitral incompetence originated from degenerative disease, ischemic heart disease, or rheumatic lesion. However, the degenerative disease was claimed predominantly. For this reason, a global meta-analysis was not performed and the analysis concentrated on more homogeneous subgroups of patients by aggregating the data of studies conducted in similar patient populations. However, it was impossible to go further to treat articles reporting overall 5-year survivals in subgroups due to limited study. This result of the metaanalysis should encourage the development of adequately designed prospective studies, with an appropriate statistical methodology including multivariate analysis, in order to demonstrate the relationship between annuloplasty ring and survival. After all, the overall survival outcome can be mirrored by another assessment, mortality. In accordance with the HR, we did not obtain any significant difference in mortality at maximum follow-up between the two annuloplasty rings, with no heterogeneity. Although at short-term follow-up, a flexible annuloplasty was proved to be beneficial, first reported on this effect of annular dynamics and left ventricular performance by David and colleagues [15] , this advantage faded away on longer follow-up. Gillinov and colleagues [19] also pointed out the theoretical advantages of flexible, posterior annuloplasty as opposed to rigid, circumferential annuloplasty. Clinical benefits, however, have not been shown [6] . Many experiments were performed in trying to elucidate this controversy and clarify the relationship between annuloplasty ring and the clinical outcomes. In animal trials, Green and colleagues [20] showed that postoperative left ventricular function both generally, and in the region of the base of the left ventricle (near the mitral annulus) was not altered by a flexible ring, resulting in fixation of the mitral annulus in sheep. The benefit of flexible annuloplasty devices preserving the normal annular motion and orifice area during the cardiac cycle might be offset by their decreased ability to geometrically remodel the annulus, which could have a negative effect on late repair durability [21] . Finally, in practice, it should be stressed that operative outcome is determined not only by the choice of prosthesis but also by far more parameters such as patient profile: etiology, age, co-morbidities, surgical experience, operative technique, and follow-up medication. For example, the heterogeneity in the causes of MR seems to have a certain influence on the results. Mitral valvuloplasty is mostly applicable to patients with degenerative mitral valve disease, this being the most common cause, with a successful valvuloplasty probability of 95% and having the greatest durability in patients. However, the appropriateness of valvuloplasty for patients with rheumatic mitral valve disease, the second most common cause, is controversial, even when repair appears to be technically feasible. Hence, it would draw some bias in assessing the late mortality, if even though only a few rheumatic subjects were included in a study [6] , and no late reoperations were performed in patients with rheumatic disease. Also, advanced stage with severe calcification in leaflets and progressive fibrosis in myocardium must produce negative outcomes at long term; so are other patient parameters such as age and comorbidities, which are closely associated with postoperation mortality. In addition, the operating surgeon with different experience and operative technique as a potential prognostic factor in various fields of surgery has been increasingly studied. Lower 30-day mortality rates and improved survival have been reported in high-volume centers than in lowvolume hospitals in high-risk cardiac surgery. This metaanalysis includes various clinical studies dispersed worldwide, with the inevitable different training level and surgical volume influencing the operative results. As a whole, a confirmative conclusion should be drawn from a clinical study ensuring that the patients' demography is balanced, randomized control trial perfect. The causes of reoperation were presented as progression of MR, hemolysis, and endocarditis. Hemolysis and endocarditis were the prosthetic-related complication, which referred to foreign body reaction, allogenetic antigen response, and bacterial contamination. Undoubtedly, no difference was drawn from the two research groups with flexible or rigid annuloplasty ring. The recurrence of MV was found to be the most common cause in reoperation cases. A study [13] observed that most of repair failures were procedure related. In the reoperation group, the most frequent finding at reoperation was suture dehiscence of posterior annulus plication and posterior leaflet reconstruction with partial ring detachment. Meticulous operative skills and intra-operative transesophageal echocardiographic evaluation are mandatory to prevent the late recurrence of MR and the reoperation rate.
Our present pooled data suggested that mitral repair with a flexible ring produced EF superior to those associated with the use of a rigid ring in patients with isolated MR, and aggregation of PV and MVA was suggestive of a more restrictive pattern of blood flow across the mitral valve in patients with rigid annuloplasty. The mitral annulus is a dynamic structure, providing an active contribution to the mechanics of the mitral valve apparatus, owing to a sphincter-like action achieved by the contraction and relaxation of basoconstrictor muscles surrounding the annulus posteriorly. A possible disadvantage of the rigid fixation of the mitral annulus is the reduction of such a dynamic annular motion; on the contrary, flexible prosthetic devices have been proposed to own the advantages of being more physiological (nonplanar configuration of mitral annulus, reduced area in systole) and better preserving left ventricular function, at least with regard to EF [11] . Moreover, in the cardiac preloading characteristics such as LVEDD, LVESD, LVEDV, and LVESV, no significant difference in the pooled analysis between the flexible and rigid ring was not found. Only the slight superiority of the flexible ring was detected on the aspect of EF. This is the first systematic review and meta-analysis on the topic of mitral annuloplasty ring. It offers an up-to-date and complete overview of all human clinical trials involving flexible and rigid mitral annuloplasty ring therapy for pure MR, because it is the result of an extensive search, including gray literature [18] . In addition, maximum efforts have been undertaken to minimize missing or incomplete data by attempting to contact all authors. Although the authors of this article tried to include a high number of quality studies, it turned out that the data were consistent to a certain extent and heterogeneity occurred owing to a majority of case-control trials. It should be stressed upon that the results need to be confirmed by an adequately designed prospective study and the exact time of the long-term followup be assigned.
To conclude, a systematic review of current and the best available evidence suggests that in patients with a flexible annuloplasty ring compared to patients with a rigid annuloplasty ring, the significant improvement in EF pooled by this comprehensive analysis does not translate into better clinical outcomes, such as 5-year survival, overall mortality, reoperation, and regurgitant recurrence, which present comparable outcomes.
